Sodium fluoride (10 mm) caused a slow increase in the outputs of PGF-2\g=a\, 6-keto-PGF-1\g=a\and, to a lesser extent, PGE-2 from the Day-7 and Day-15 guinea-pig uterus superfused in vitro. This stimulatory action of sodium fluoride was not prevented by using calcium-free Krebs' solution. There was also a faster stimulation of 6-keto-PGF-1\g=a\output from the Day-7 guinea-pig uterus produced by sodium fluoride, and this quicker response was abolished by using calcium-free Krebs' solution. (an intracellular calcium antagonist) inhibited the stimulatory action of sodium fluoride on the outputs of PGF-2\g=a\, PGE-2 and 6-keto-PGF-1\g=a\from the Day-7 guineapig uterus. W-7 and trifluoperazine (calmodulin antagonists) and neomycin (an inhibitor of phospholipase C) had no inhibitory effect on the increases in outputs of PGF-2\g=a\, PGE-2 and 6-keto-PGF-1\g=a\from the Day-7 guinea-pig uterus produced by sodium fluoride. These results indicate that sodium fluoride slowly stimulates uterine PGF-2\g=a\, PGE-2 and 6-keto-PGF-1\g=a\ synthesis in the guinea-pig uterus by mobilizing intracellular calcium by a mechanism which apparently does not involve the activation of phospholipase C or the participation of calmodulin (or a related compound). The initial, faster stimulation of 6-keto-PGF-1\g=a\synthesis in the Day-7 guinea-pig uterus by sodium fluoride is dependent upon extracellular calcium.
Introduction
Prostaglandin (PG) F-2a produced by the uterus is necessary for regression of the corpora lutea in several mammalian species, including the guinea-pig (see Horton & Poyser, 1976; Poyser, 1981) . In a previous study (Leckie & Poyser, 1990) , sodium fluoride (an activator of G-proteins) was found to stimulate PG production in guinea-pig endometrium cultured for 1 h. Further studies have therefore been performed to investigate some of the processes involved in the mechanism by which sodium fluoride stimulates uterine PG synthesis, particularly as regards the roles of extracellular and intracellular calcium, and of phospholipase (PL) C.
Materials and Methods
Animals and superfusions. Virgin guinea-pigs weighing 650-950 g were examined daily and a vaginal smear was taken when the vagina was perforate. Day 1 of the cycle was taken as the day preceding the post-ovulatory influx of leucocytes when cornification was at a maximum. All guinea-pigs had exhibited at least 2 cycles of normal length before being used on Day-7 or Day-15 of the cycle. Each uterus was removed and separated into its 2 horns. Each uterine horn was weighed , 'opened' by cutting longitudinally, and superfused with Krebs' solution (5 ml/min) at 37°C as described previously (Poyser & Brydon, 1983) . Each horn was superfused initially for a 'settling period' of 60 min, and then samples of superfusate were collected for 10-min periods over the next 90 min (i.e. 9 samples/uterine horn: Exps 1 and 2) or 110 min (i.e. 11 samples/uterine horn; Exp. 3).
In Exp. 1, sodium fluoride (10 mM) was present in the Krebs' solution during the collection of samples 4, 5 and 6 from one uterine horn obtained from five Day-7 or five Day-15 guinea-pigs. The other uterine horn from each guineapig acted as the 'control' to measure basal PG output during the period of superfusion. In Exp. 2, the Krebs' solution superfusing one uterine horn from five Day-7 guinea-pigs lacked calcium chloride (i.e. calcium-free Krebs' solution), and sodium fluoride (10 mM) was added to the solution superfusing both uterine horns during the collection of samples 4, 5 and 6. In Exp. 3, sodium fluoride (10 mM) was present in the normal Krebs' solution bathing both uterine horns obtained from Day-7 guinea-pigs during the collection of samples 6, 7 and 8. In addition, 150pM-8-(N,Ndiethylamino) octyl-3,4,5-trimethoxybenzoate hydrochloride (TMB-8; an intracellular calcium antagonist ; Malagodi & Chiou, 1974) , 150pM-N-(6-amino-hexyl)-5-chloro-l-naphthalene-sulphonamide (W-7; a calmodulin antagonist; Hidaka et al., 1978) , µ -trifluoperazine (a calmodulin antagonist; Levin & Weiss, 1977) , or 1 mM-neomycin sulphate (an inhibitor of PLC; Orsulakova et ai, 1976; Schacht, 1976 ) was present in the Krebs' solution superfusing one uterine from each guinea-pig during the collection of samples 4-8 (5 animals per treatment).
After collection, PGs were solvent-extracted from the samples of superfusate as outlined previously (Poyser, 1987) , and were stored in 10ml ethyl acetate at -20°C. The amounts of PGF-2a, PGE-2 and 6-keto-PGF-la present in the extracts were measured by radioimmunoassay, using antibodies raised in this laboratory and whose crossreactivities have been reported elsewhere (Poyser, 1987) . The inter-assay and intra-assay coefficients of the three assays were < 12%. The limits of detection were 20-30 pg per assay tube for each assay. Sources of material. Sodium fluoride was purchased from Fison's Scientific Apparatus, Loughborough, Leics, UK; TMB-8, W-7, trifluoperazine, and neomycin sulphate were purchased from Sigma Chemical Co., Poole, Dorset, UK.
Statistical tests. Changes in the output of PGs with time were analysed by Duncan's multiple range test or, if the variances of the groups were significantly different by the variance ratio F test, by a modified t test for unequal variances. Differences between treated and control groups were analysed by Student's / test or, if the variances of the two groups were significantly different by the variance ratio /"test, by a modified ; test for unequal variances.
Results
In Figs 1-3, all results are expressed as mean ± s.e.m. (n = 5), although, in some instances, the error bars are smaller than the symbol used. In Exp. 1, the initial outputs (i.e. during the first 30 min of sample collection) of PGF-2a, PGE-2 and 6-keto-PGF-la were 76-9-, 5-6-and 1-6-fold higher, respectively, from the Day-15 uterus than from the Day-7 uterus, showing that the Day-15 uterus synthesizes PGF-2a preferentially. Sodium fluoride (10mM) significantly (P < 005) increased the outputs of PGF-2a and 6-keto-PGF-la from the Day-7 and Day-15 guinea-pig uterus, and of PGE-2 from the Day-15 uterus. The output of PGE-2 from the Day-7 uterus tended to increase following sodium fluoride treatment, and was significantly (P < 0-05) higher than the output of PGE-2 from the control horn (Fig. 1 ). The increases in output of PGF-2a and PGE-2 from the Day-7 and Day-15 uterus, and of 6-keto-PGF-la from the Day-15 uterus occurred slowly, and the maximum outputs were not reached until the third or fourth 10-min period of sample collection after starting the sodium fluoride treatment. However, the rise in 6-keto-PGF-la output from the Day-7 uterus increased more rapidly, showing a significant (P < 005) increase during the first 10min period and reaching a maximum during the second 10-min period after starting the sodium fluoride treatment (Fig. 1 ).
In Exp. 2, the use of calcium-free Krebs' solution had no significant effect on the sodium fluoridestimulated increases in the outputs of PGF-2a and PGE-2 from the Day-7 uterus. However, the use of calcium-free Krebs' solution delayed the onset of the increase in 6-keto-PGF-la output produced by sodium fluoride and also significantly (P < 005) decreased the maximum output of 6-keto-PGF-la obtained (Fig. 2 ). In Exp. 3, TMB-8 (150 µ ), W-7 (150 µ ) and trifluoperazine (100 µ ) all caused a small, sometimes significant (P < 005) increase in the outputs of PGF-2a, PGE-2 and 6-keto-PGF-1 from the Day-7 uterus (Fig. 3 ). TMB-8, but not W-7 or trifluoperazine, prevented the increases in outputs of PGF-2a, PGE-2 and 6-keto-PGF-1 produced by sodium fluoride. However, the output of 6-keto-PGF-1 significantly (P < 005) increased to a small extent after the combined superfusion of TMB-8 and sodium fluoride had finished, and it also appeared to be potentiated by trifluoperazine ( Fig. 3 ). Neomycin sulphate (1 mM) had no effect on the basal or sodium-fluoride stimulated outputs of PGF-2a, PGE-2 or 6-keto-PGF-la (Fig. 2 ).
Discussion
Sodium fluoride stimulated the outputs of PGF-2a, 6-keto-PGF-la and, to a lesser extent, PGE-2 from the Day-7 and Day-15 guinea-pig uterus, superfused in vitro. In previous studies, the calcium ionophore A23187 produced a similar stimulation of PG production by the superfused guinea-pig uterus (Poyser & Brydon, 1983; Poyser, 1985a, b ). However, whereas the peak stimulation of output of all three PGs occurred within the first 10-min period of A23187 treat¬ ment, the peak stimulation of PGF-2a and PGE-2 outputs from the Day-7 and Day-15 uterus and of 6-keto-PGF-la from the Day-15 uterus did not occur until the third or fourth 10-min period of sodium fluoride treatment. Therefore, sodium fluoride causes a slow stimulation of uterine PG synthesis, although the stimulation of 6-keto-PGF-la output from the Day-7 uterus by sodium fluoride occurred relatively faster. A significant increase in 6-keto-PGF-la output was observed in the first 10-min period and the maximum increase in output occurred during the second 10-min period of sodium fluoride treatment. Removal of the extracellular calcium, by using Kreb's solution from which the calcium chloride had been omitted, completely pre¬ vents the increase in outputs of PGF-2a, PGE-2 and 6-keto-PGF-la from the superfused Effects of (i) lack of calcium (closed circles), and (ii) 1 mM-neomycin (closed circles) on sodium fluoride (NaF)-stimulated mean (± s.e.m., = 5) outputs of prostaglandin (PG) F-2a, 6-keto-PGF-1 a and PGE-2 from the Day-7 guinea-pig uterus superfused in vitro, t, *Significantly (P < 005) higher than before sodium fluoride treatment.
guinea-pig uterus produced by A23187 (Poyser, 1984) . However, removing the extracellular cal¬ cium by the same procedure had no effect on the stimulation of PGF-2a and PGE-2 outputs from the Day-7 guinea-pig uterus produced by sodium fluoride, indicating that the action of sodium fluoride in stimulating the synthesis of these two PGs by the guinea-pig uterus is not de¬ pendent upon extracellular calcium. However, the initial, quicker increase in 6-keto-PGF-la output was prevented and the maximum output of 6-keto-PGF-la was reduced after stimu¬ lation by sodium fluoride of the Day-7 guinea-pig uterus superfused with calcium-free Krebs'
solution. This indicates that part of the response to sodium fluoride in the stimulation of 6-keto-PGF-la synthesis by the Day-7 guinea-pig uterus is dependent upon extracellular calcium. There was no initial, fast increase in the output of 6-keto-PGF-la from the Day-15 guinea-pig uterus superfused in vitro. In a previous study (Poyser, 1984) , it was found that using calciumfree Krebs' solution significantly reduced by 50% the basal output of 6-keto-PGF-la, but not the basal outputs of PGF-2a and PGE-2, from the superfused Day-15 guinea-pig uterus. Conse¬ quently, part of the basal increase in 6-keto-PGF-la production by the Day-15 guinea-pig uterus is dependent upon extracellular calcium, and the increase appears to be maximal since sodium fluoride could not produce any further stimulation of the extracellular calcium-dependent synthesis of 6-keto-PGF-la. However, the slower stimulation of 6-keto-PGF-la synthesis by sodium fluoride was still produced in the Day-15 guinea-pig uterus. The intracellular calcium antagonist, TMB-8, and the calmodulin antagonists, W-7 and trifluoperazine, caused a small stimulation of PG production by the guinea-pig uterus. This phenomenon was noted previously (Poyser, 1985a, b) , and is probably due to these compounds releasing small quantities of intracellular calcium (Seeman, 1972; Pian-Smith et ai, 1988) which, in turn, activates phospholipase (PL) A-2 causing arachidonic acid release (Takenawa et ai, 1982) and PG synthesis. TMB-8 prevented the increases in outputs of PGF-2a, PGE-2 and 6keto-PGF-la from the Day-7 guinea-pig uterus produced by sodium fluoride. This finding indi¬ cates that the stimulation of PGF-2a and PGE-2 synthesis, and the second component in the stimulation of 6-keto-PGF-la synthesis by sodium fluoride are dependent upon intracellular calcium. The calmodulin antagonists, W-7 and trifluoperazine, had no inhibitory effect on the stimulation of PGF-2a, PGE-2 and 6-keto-PGF-la outputs from the Day-7 guinea-pig uterus, which is rather surprising since these calmodulin antagonists prevent the increases in outputs of the same three PGs from the guinea-pig uterus produced by A23187, a process dependent upon extracellular calcium. Therefore, it appears that calmodulin (or a related compound) is involved in the stimulation of uterine PG synthesis by extracellular calcium, but not by intra¬ cellular calcium.
The question is then raised as to whether the mobilization of intracellular calcium by sodium fluoride is dependent upon the stimulation of PLC, with inositol-l,4,5-trisphosphate (IP3) formed being responsible for the mobilization of intracellular calcium, especially as sodium fluoride stimu¬ lates a similar slow formation of IP3 in guinea-pig myometrium (Marc et ai, 1988) . Neomycin, in a concentration which markedly inhibits PLC activity in guinea-pig inner ear tissues and brain tissues (Orsulakova et ai, 1976; Schact, 1976 ) had no effect on the increases in outputs of PGF-2a, PGE-2 and 6-keto-PGF-la from the Day-7 guinea-pig uterus produced by sodium fluoride. This finding agrees with the report that neomycin prevents IP3 formation but not thromboxane synthesis in human platelets (Fuse & Tai, 1987) . Also, TMB-8 does not prevent IP3-stimulated release of cal¬ cium from isolated platelet vesicle membranes (Seiler et ai, 1987) , so TMB-8 may not antagonize the effect of intracellular calcium released by IP3. Overall, this study has shown that the stimulation by sodium fluoride of PGF-2a and PGE-2 production in Day-7 guinea-pig uterus is not dependent upon extracellular calcium but is probably dependent upon the mobilization of intracellular calcium. The stimulation of 6-keto-PGF-la production by sodium fluoride in the Day-7 guinea-pig uterus has two components, namely a 'fast component' which is dependent upon extracellular calcium and a 'slow component' which is prob¬ ably dependent upon intracellular calcium. The mobilization of intracellular calcium for the stimu¬ lation of PG synthesis appears not to depend upon the activation of PLC and the formation of IP3. Also, the arachidonic acid required for uterine PG synthesis is apparently not derived from phosphatidylinositol by the sequential actions of PLC, diglyceride lipase and monoglyceride lipase as neomycin had no inhibitory effect. Consequently, the intracellular calcium mobilised by sodium fluoride has to activate PLA-2 (a calcium-requiring enzyme) which releases arachidonic acid directly from phospholipids. Calmodulin (or a related compound) does not mediate this action of intracellular calcium. Since PGH synthase occurs largely in the endoplasmic reticulum (DeWitt et ai, 1981) and since there is much calcium bound in the endoplasmic reticulum, these obser¬ vations raise the possibility that sodium fluoride acts directly on the endoplasmic reticulum to mobilize calcium and thereby stimulate PG synthesis. Sodium fluoride may be activating a G-protein present in the endoplasmic reticulum which is normally involved in the stimulation of endometrial PGF-2a synthesis. This suggestion requires further study, but a G-protein has been found in the endoplasmic reticulum of the dog pancreas (Audigier et ai, 1988) . However, the precise intracellular site of endometrial PGF-2a synthesis needs to be clarified since PGH synthase is not only present in the endoplasmic reticulum, but is also located in the nuclear membrane and, in some cell types, in the plasma membrane (Smith, 1986) . This study was supported by a grant from the MRC, and an MRC Research Scholarship to CML. We thank Miss Lorna Marshall for technical assistance.
